The present invention provides a single shell-pass shell-and tube heat exchanger withhelical baffles, where within a single pitch, the helical baffles are separated into inner and outer parts along the radial direction of the shell. In the central portion of the inner space of the shell, an inner non-continu ous helical form is employed; in other portion outside the central portion, doughnut shaped helical baffles with continu ous curved surfaces are arranged to form an outer continuous helical baffle, and the outer helical baffles are arranged to surround the inner helical baffles. Furthermore, the present invention relates to a multiple shell-pass shell-and-tube heat exchanger with helical baffles, in which complete continuous helical baffles are provided in shell-sides other than the inner shell-pass, while non-continuous helical baffles or other flow guide means are employed in the innershell-pass. The present invention makes flow patterns of fluids on the shell side more desirable, leading to a reduced flow pressure drop, and miti gate fouling, thus the heat transfer rate is improved and the service life of the heat exchanger is increased. The present invention also provides two methods for manufacture of con tinuous helical baffles, which ensure the concentricity of the
US 2008/O 190593 A1 SINGLE SHELL-PASS OR MULTIPLE SHELL-PASS SHELL-AND-TUBE HEAT EXCHANGER WITH HELICAL BAFFLES FIELD OF THE INVENTION
0001. The present invention relates to a shell-and-tube heat exchanger used in petrochemical industry, energy power industry, metallurgical industry, refrigeration engineering and seawater desalination, especially to a single shell-pass shell-and-tube heat exchanger with helical baffles and a mul tiple shell-pass shell-and-tube heat exchanger with helical baffles, and also relates to a manufacture method for outer helical baffles of a shell-and-tube heat exchanger with helical baffles.
BACKGROUND OF THE INVENTION
0002 Among others, heat exchangers are important appa ratuses that are widely used in petrochemical industry, energy power industry, metallurgical industry, refrigeration engi neering and seawater desalination. Among heat exchange equipments, the shell-and-tube heat exchangers are predomi nant, accounting for about 55-70%. This type of heat exchanger has a simple structure that mainly contains two parts, i.e., heat exchange tube bundles and shells. When one kind of fluid flows inside the tubes, and the other kind of fluid flows outside the tubes against the shell side, the two fluids indirectly exchange heat through the tube wall. 0003. In a shell-and-tube heat exchanger, a more impor tant function of the baffles, besides supporting the tube bundles, is to change the flow direction of fluid in the shell sides so as to enhance heat transfer rate.
0004. There exist many problems in the conventional seg mentalbaffles, e.g., (1) a high pressure drop occurs since the segmentalbaffles make fluid perpendicularly impact the shell wall and the tubes, leading to an increased power load; (2) the fluid with high speed crosses the heat exchange bundles lat erally, inducing vibrations of heat exchange tubes and thus a reduced service life; (3) the heat transfer rates decrease due to a flow stagnation region generated at the joint of baffles and shell walls, where fouling tends to accumulate as well; and (4) the mass flow rate laterally crossing tube bundles is efficiently decreased due to the bypass flows and leaking flows which exist between baffles and shell walls and between heat exchange tubes and baffles, resulting in a reduced heat trans fer rate on the shell side.
0005 Aimed at the above problems, some new kinds of shell-and-tube heat exchangers with helical baffles are devel oped in recent years. In these newly developed heat exchang ers, baffles are arranged in helix to make the fluid on the shell side of the heat exchanger flow along a helical path, resulting in an affirmative reduction in flow pressure drop on the shell side and an enhancement in heat transfer rate. Heat exchang ers with helical baffles in the prior art may be classified into two categories, one being heat exchangers with non-continu ous helical baffles employing non-continuous helical baffles formed of a plurality of fan or oval shaped flat plates, with the non-continuous helical baffles in a continuously overlap form (see CN Patent Application No. 9924 1930.1 and U.S. Pat. No. 6,827,138 B1) tinuous helical baffles make the flow assume a helical pattern, which further reduces pressure drop and leakage. However its manufacture is more complicated than in the case of non continuous helical baffles. This is especially the case when the pitch is large, that is, the helical Surface becomes rela tively steep in portions close to the central axis, which makes it more difficult, or even impossible to manufacture curved Surfaces and to position and form holes on these Surfaces. Currently, in order to make it easier for fluid on the shell side to accomplish helical flow patterns, most of shell-and-tube heat exchangers with continuous helical baffles are addition ally installed with a central tube of a certain diameter along the centre axis. This somehow mitigates the difficulty in the manufacture of continuous helical baffles, however, it rela tively decreases the efficient heat exchange area of heat exchangers since no fluid passes through the central tube, and the diameter of the central tube increases with the increase of baffle pitch. 0006 Moreover, some researches show that, given same tube-side arrangements and same shell-side flow rate, the current single shell-pass heat exchanger with helical baffles has higher heat exchange capacity under the same shell-side pressure drop. While its pressure loss is lower than that of a traditional heat exchanger with segmental baffles, however, its heat exchange capacity is also lower, simultaneously which can hardly meet users requirement. To enhance shell side heat transfer rate, a multiple shell-pass shell-and-tube heat exchanger with continuous helical baffles was proposed (see CN Patent Application No. 2006 10041949.1) . Given same number of tube-side and same flow rate, the velocity of fluid in a shell-side in a multiple shell-pass shell-and-tube heat exchanger is higher than that in a single shell-pass shell and-tube heat exchanger. Therefore the heat exchange coef ficient becomes higher, that is, a higher heat transfer rate is achieved.
0007. A non-continuous helical baffle is formed by splic ing a plurality of fan shaped or oval shaped flat plates. This has an advantage that manufacture is easy. Generally, a cen tral pole is employed for positioning the center and the Vol ume occupied by the central pole is small. However, there is a relatively large leakage, which affects heat exchange. Con tinuous helical baffles are formed by splicing complete con tinuous helical baffles of many cycles, each cycle being a continuous helical curved plate, such that the flow behavior approximates to a helical pattern. This has an advantage that pressure drop and leakage are reduced and heat transfer coef ficient is higher, however, when the pitch is large, the helical Surface becomes relatively steep at portions close to the cen tral axis, where it is difficult to manufacture the continuous helical surfaces. Generally, a central tube is employed to fit the helical structure inside of the helix. However, as heat exchange tubes can not be arranged at the location of the central tube, the effective heat exchange area of the heat exchanger is relatively decreased, and part of the heat exchanger Volume is occupied, thus leading to a decreased compactness. Currently, there is no heat exchanger with heli cal baffles having the advantages of both continuous helical baffles and non-continuous helical baffles.
0008 Further, the shell-and-tube heat exchangers used in industries are generally in form of a horizontal type. The continuous helical baffles may reduce leakage, however when the fluid on the shell side is such a medium that tends to foul, fouling can accumulate at the bottom of the horizontally arranged shell-and-tube heat exchanger due to a low flow rate.
Especially when the helical angle is Small, a large amount of fouling will deposit and cleanup becomes difficult, thus resulting in a decreased heat transfer rates.
SUMMARY OF THE INVENTION
0009. To overcome the above defects, one fundamental object of the present invention is to provide a shell-and-tube heat exchanger with helical baffles, its structure being such that the fluid flow in the shell-sides is in a more desirable pattern, the flow pressure drop is decreased and the heat transfer rates are increased. Meanwhile, the structure of the shell-and-tube heat exchanger with helical baffles according to the present invention renders the configuration of baffles at the portion next to the central axis more desirable when the pitch is large, which facilitates fluid flow and heat exchanging and makes manufacture thereof easier.
0010. In addition, the present invention provides manufac ture methods for outer helical baffles of the shell-and-tube heat exchanger with helical baffles. Such methods may over come the problem that it is difficult to manufacture the curve of continuous helical baffles and to position and form holes. 0011. According to the object of this invention, in the first aspect of the invention, there is provided a single shell-pass shell-and-tube heat exchanger with helical baffles, compris ing, a shell body, an inlet tube on the shell side, an outlet tube on the shell side, heat exchange tube bundles, tube plates, and helical baffles provided to the tube bundles, wherein said helical baffles comprise a plurality of inner helical baffles and a plurality of outer helical baffles, and the heat exchange tube bundles penetrate through the inner helical baffles and the outer helical baffles, and are arranged to the two tube plates on both ends of the shell body; within each pitch, the inner helical baffles are placed in the central region in the space inside the shell body, the outer helical baffles are placed around the innerhelical baffles, at the joint of the inner helical baffles and the outer helical baffle, edges of the inner helical baffles and the outer helical baffles are penetrated through by a same bundle of heat exchange tubes, the outer edge of each inner helical baffle is proximally joined to the outer helical baffle; and said outer helical baffle is form by splicing a plurality of helical baffles in such a transition manner that the plate surfaces of individual baffles are continuous to each other along the helical direction, so the outer helical baffle has a plurality of helical cycles and takes the form of a helical baffle with plate surfaces thereof completely continuous, while the inner helical baffles are a plurality of non-continu ous baffles; and the inlet tube on the shell side and the outlet tube on the shell side on said shell body take the form that fluids are introduced into and discharged out laterally, are closely attached to the outer edge of the shell body, and lead to and from the shell side space in the tangential direction to the shell body. 0012. Thus, through Such an appropriate arrangement of shell-pass helical baffles, baffles in the outer and middle shell pass are formed by splicing a plurality of complete continu ous helical baffles with multiple cycles, each cycle being a continuous helical curved plate, while baffles in the inner shell-pass are a plurality of non-continuous baffles. This heat exchanger employs complete continuous helical baffles in a shell region to form a helical flow, which reduces leakage, vibrations and pressure loss; at the same time, difficulty of manufacturing helical Surface in the portion of Smaller diam eter is avoided, instead, non-continuous baffles are installed in the inner shell-pass. Non-continuous baffles of the inner shell-pass may employ non-continuous helical baffles, or seg mental baffles, or circular disk-doughnut baffles, or baffle rods, or multi-hole circular baffles. This has an advantage that the complete continuous helical baffles could have a rela tively large diameter at the inner edge, which makes manu facture more convenient. There is no need to install a central tube, in this way heat exchange space in the shell-side of heat exchanger is saved up, therefore more heat exchange tubes may be installed to improve compactness of the heat exchanger. When the flow rate is small in the shell-sides of the heat exchanger, the inner sleeve tube of the inner shell-pass has a small diameter and the inner shell-pass is short, only heat exchanging tubes and no baffles are installed in the inner shell-pass, thus fluid flows in parallel to the heat exchanging tubes. This simplifies manufacture process of the inner shell pass.
0019 Preferably, the main bodies of said baffles in shell sides other than inner shell-pass are formed by splicing a plurality of one-piece helical curved plate units, each of which constitutes a helical cycle. 0020. That is, the multiple shell-pass shell-and-tube heat exchanger with helical baffles according to the invention uti lizes complete continuous helical baffles in the outer shell pass and the middle shell-pass, and utilizes non-continuous baffles in inner helix, which not only enables fluids in the outer and middle shell-pass, to flow almost in a helical pattern to reduce flow pressure drop and leakage, but also sufficiently take advantage of the space in the inner shell-pass, thus mak ing manufacture easier, rendering the structure of the heat exchanger more compact and also enhancing heat transfer rate.
0021. According to the multiple shell-pass shell-and-tube heat exchanger with helical baffles of the present invention, non-continuous baffles of the inner shell-pass can be non continuous helical baffles, or segmental baffles, or circular disk-doughnut baffles, or baffle rods, or multi-hole circular baffles.
0022. The arrangement of employing various forms of non-continuous baffles for the inner shell-pass is favorable for manufacturing helical baffles of the outer and middle shell passes as a continuous helical form, and especially when the pitch of the helical baffles of the outer and middle shell-passes are large or their diameters are large, is in favor of ensuring formation of helical baffles in the outer and middle shell passes. Moreover, the degree of freedom in designing the multiple shell-pass heat exchangers with helical baffles is increased as well.
0023 Certainly, the inner shell-pass is formed by splicing a plurality of fan shaped or oval shaped flat plates with each other, thus maintaining the inner helical baffles substantially in the shape of helical plates. This is more desirable for helical fluid flows in that heat exchange efficiency is increased.
Aug. 14, 2008 0024. As a variant solutions in the multiple shell-pass shell-and-tube heat exchanger with helical baffles according to the invention, it forms a heat exchanger of dual shell-sides when there is only one inner sleeve tube in said heat exchanger, and it forms a heat exchanger of multiple shell pass when there area first inner sleeve tube and a second inner sleeve tube or even more inner sleeve tubes.
0025. Diameters of individual inner sleeve tubes should be determined in Such a way to ensure that open areas in section of individual shell-sides are more or less the same, and that the flow rates in individual shell-sides are equivalent. For shell-and-tube heat exchangers with very high demand of heat exchange and large number of tube-sides, a helical shell and-tube heat exchanger configured in a multiple shell struc ture can be employed to enhance heat transfer coefficient and reduce cost of heat exchanging equipments. 0026. Furthermore, the flow directions in the outer shell pass inlet tube and inner shell-pass outlet tube can be Swapped, thus respectively becoming outer shell-pass outlet tube and inner shell-pass inlet tube accordingly.
(0027. When the temperature difference between the inlet fluid on the shell side and the environment is smaller than the temperature difference between the outlet fluid on the shell side and the environment, the inlet fluid on the shell side may be first directed through the outer shell-pass, and then through the inner shell-pass, and eventually be discharged out of the shell body; when the temperature difference between the inlet fluid on the shell side and the environment is larger than the temperature difference between the outlet fluid on the shell side and the environment, the inlet fluid on the shell side may first directed through the inner shell-pass, and then through the outer shell-pass, and eventually be discharged out of the shell body. This features in flexibility in choosing flow modes as required by operative process, and ensures the temperature difference between the outer shell-pass fluid and the environ ment to be smaller than the temperature difference between the inner shell-pass fluid and the environment, thus reducing cost for insulating materials. 0028 Moreover, the said non-continuous helical baffles of the inner shell-pass may be of helical baffles in a splicing form, or helical baffles in a staggered form. 0029 Said helical baffles may take forms of single helix or multiple helix as according to requirements from process and technical design. Also, the structure of the helical baffles in the shell can be left-handed helix or right-handed helix as required by installation and design. 0030. In the apparatus in the first and second aspects of the invention, when said single shell-pass shell-and-tube heat exchanger with helical baffles is of a horizontal type, the outer helical edge of each piece of helical baffle may be provided with anti-fouling openings at the positions closest to the ground. Alternatively, when said multiple shell-pass shell and-tube heat exchanger with helical baffles is of a horizontal type, the outer helical edges of said helical baffles in shell sides other than the inner shell-pass are provided with anti fouling openings at the positions closest to the ground. 0031. To be more specific, a gap may be cut out at the spliced portion of the edge of the outer helix of each outer helical baffle, Such that an anti-fouling opening is formed at the splicing portion when adjacent outer helical baffles are spliced together. Those anti-fouling openings are located at the bottom of the horizontal type heat exchanger where foul ing tends to accumulate. In this way, part of fluid is allowed to flow therethrough, the dead areas are reduced and fouling accumulated on the shell side is removed, thus preventing a large amount of fouling from depositing, which would other wise affects heat transferrate of tubes at the bottom of the heat exchanger. 0032. Further, the complete continuous helical baffles of a shell-and-tube heat exchanger, which is installed in a hori Zontal form, are provided with anti-fouling openings at the positions near the bottom of the shell body. 0033. This is particularly desirable for large fouling of shell-and-tube heat exchangers, since generally they are hori Zontally installed, that is, the axis is parallel to the ground, such that fouling in the fluid on the shell side tends to accu mulate at the bottom of the heat exchanger, making it hard to be removed. This situation becomes more serious especially under the circumstances when flow rate is low, therefore an anti-fouling opening may be provided at the spliced portion of each cycle of two adjacent complete continuous helical baffles, next to the edge of the outer helix. The shape of the anti-fouling opening may be form into a triangle region, a fan-shaped region, an arch-shaped region or a rectangular region according to operative process. On the arc side of the segmental baffle, a triangle region, a fan-shaped region or a rectangular region may also be cut out to forman anti-fouling opening. The anti-fouling openings are normally located at the bottom of the shell sides of the heat exchanger. This can prevent a large amount of fouling from accumulating at the bottom of the heat exchanger, Such that anti-fouling ability of the heat exchanger on itself is increased, the heat exchanger is guaranteed to have a stable heat transfer rate, the cleaning interval is prolonged, the cleaning cost is lowered, leading to a longer service life of the apparatus and a smooth operation. 0034. In situations where working mediums of shell-side fluids are relatively clean, it is not necessary to provide heat exchangers with Such anti-fouling openings. 0035. According to the third aspect of the present inven tion, the invention provides a manufacture method for outer helical baffles of a shell-and-tube heat exchanger with helical baffles, wherein, a plurality of blank plates of outer helical baffles are stacked up, positioning holes of smaller diameters than those of tube bundle holes are formed at individual positioned centers on the blank plates of outer helical baffles, then the blank plates of the outer helical baffles are stretched one by one, and the tube bundle holes are formed according to the positioning holes so as to form outer helical baffles. This method is particularly suitable to the manufacture of baffles made of rigid materials such as metals and installation thereof.
0036. According to the fourth aspect of the present inven tion, the invention further provides a manufacture method for outer helical baffles of a shell-and-tube heat exchanger with helical baffles, wherein, a plurality of blank plates of outer helical baffles are stacked up, tube bundle holes are directly formed at individual positioned centers on the blank plates of outer helical baffles, then the plates of the outer helical baffles are stretched one by one so as to form outer helical baffles. This method is particularly suitable to the manufacture and installation of baffles made of soft materials such as plastic. 0037 To accurately manufacture continuous helical baffles efficiently, the present invention provides two meth ods for manufacturing the continuous helical baffles. These two methods ensure the concentricity of the tube bundle holes on each continuous helical baffle and allow holes on the stretched continuous helical baffles to be accurately formed, to the effect that installation is facilitated. Aug. 14, 2008 0038. In conclusion, the present invention at least pos sesses the following advantages that: 0039. Pressure loss may be reduced; 0040. Manufacture process may be simplified; 0041 Compactness and heat transfer rate of the heat exchanger may be improved; 0042 Anti-fouling ability of the heat exchanger on itself may be improved, the cleaning interval may be prolonged, the cleaning cost may be lowered, and the number of interruption for cleaning may be reduced, leading to a longer service life and a smooth operation. 0061 Hereinafter, detailed explanations will be given to the present invention with references to the drawings. 0062. As shown in FIG. 1 , the shell-and-tube heat exchanger with combined helical baffles according to present invention comprises a shell body 2, a shell side inlet tube 2a, a shell side outlet tube 2b, a heat exchange tube bundle3, tube plates 4, innerhelical baffles 5, and outer helical baffles 6. The inlet tube on the shell side 2a and the outlet tube on the shell side 2b of the shell body 2 take the form that fluids are introduced into and discharged out laterally. They are mounted to the shell body 2, in close proximity to its outer periphery. Fluid is introduced into and discharged out along the directions tangent to the shell body, such that the behavior of the fluid on the shell side becomes more similar to helical flows and the local pressure drop at the inlet and the outlet are reduced. The heat exchange tube bundle 3 penetrates through the inner and out helical baffles 5 and 6, and the two tube plates 4 on both ends of the shell body. Within each pitch, the inner helical baffle 5 is placed at the central portion of the inner space of the shell body 2, and the outer helical baffle 6 is arranged around the inner helical baffle 5. At the joint thereof, their edges are penetrated by the same heat exchange tube bundle 3, the outer edge of each inner helical baffle 5 is closely installed to the outer helical baffle 5. To install the heat exchange tube bundle 3, tube bundle holes 3c are provided on both the inner helical baffles 5 and outer helical baffles 6. If the fluid on the shell side tends to foul, an anti-fouling open ing 7 can be cut out at the joint of adjacent outer helical baffles 6 to mitigate fouling. 0063 FIG. 2 is a schematic view of combined inner and outer helical baffles. Within each single pitch, helical baffles are separated into two parts, i.e., an inner part and an outer part. The inner helical baffle 5 is formed by a plurality of oval or fan-shaped plates spliced at a certain angle relative to the axis, while the outer helical baffle 6 is a piece of continuous curved plate in a doughnut shape. The inner and outer helical baffles make the fluid on the shell side flow in helix manner to enhance heat exchange. Although the figure exemplifies that the inner helical baffles 5 is formed of four fan-shaped plates, the number of fan-shaped plates can be 2, 3, 5 ... (preferably plates take an oval shape when the number is 2). In order to relatively closely splice the inner helical baffles 5 and the continuously curved outer helical baffle 6 so as to reduce leakage, the inner helical baffles 5 should be proximally joined to the outer helical baffle 6, and, together with the outer helical baffle 6, be penetrated by a same heat exchange tube bundle 3.
0064. As shown in FIG. 3 , the form of the outer helical baffles can be modified to solve the problem of fouling accu mulation. A gap may be cut out at the spliced portion of the edge of the outer helix of each outer helical baffle 6, such that an anti-fouling opening 7 as shown in figures is formed. In this way, when two adjacent outer helical baffles are spliced with each other, a gap will be formed at the anti-fouling openings 7 at the spliced portion or at the joint of two adjacent helical baffles. In FIG.3 , the anti-fouling opening is located at the bottom of the horizontal type heat exchanger where foul ing tends to accumulate. Therefore, part of fluid is allowed to Aug. 14, 2008 flow therethrough, the dead area is reduced and fouling deposited on the shell side is removed, thus preventing a large amount of fouling from depositing, which would otherwise affects heat transfer rate of tubes at the bottom of the heat exchanger. In situations where working mediums of shell side fluids are relatively clean, it is not necessary to provide heat exchangers with Such anti-fouling openings. 0065 FIG. 4 is a schematic view of the helical angle of the outer helical baffle. The continuous doughnut shaped outer helical baffle 6 has an inner helical angle of C. at the inner diameter, which is given by:
C=arctan(PALD), 0.066 wherein: Pt is the pitch, and D is the diameter of the projected circle of inner helical curve of the outer helical baffle 6 onto the cross-section of the shell body. Under the given diameter of the shell body, the helical angle C. increases with the increasing pitch, so the helical Surface becomes steeper, to the effect that it is not easy to manufacture the which separate individual shell-sides, with a separating plate provided at one end of the first inner sleeve tube 210. The region between the shell body 22 and the second inner sleeve tube 214 is an outer shell-pass, the region between the first inner sleeve tube 210 and the second inner sleeve tube 214 is a middle shell-pass, and the region inside of the first inner sleeve tube 210 is an innershell-pass. An outer shell-pass inlet tube 28 and an inner shell-pass outlet tube 29 are provided to the shell body. Complete continuous helical baffles 26 are arranged in the outer shell-pass 217 and the middle shell-pass 218, and non-continuous helical baffles 25 are arranged in the inner shell-pass 219, thus forming a multiple shell-pass shell and-tube heat exchanger with helical baffles. At the outer helical curves of each piece of complete continuous helical baffles 26a in the outer shell-pass and each piece of complete continuous helical baffles 26b in the middle shell-pass are provided with triangular anti-fouling openings 27 for anti fouling, that is, triangular areas are cut out at the edges of outer helical curves and are arranged at the bottoms of respec tive shell-side, given the heat exchanger is of a horizontal type. It can be also seen in FIG.5 that all the helical baffles in outer shell-passes and in inner shell-pass are in the same helical surface. 0068 FIG. 6 shows a multiple shell-pass shell-and-tube heat exchanger with helical baffles according to the present invention. In triple shell-pass shell-and-tube heat exchanger with helical baffles, as but one example, complete continuous helical baffles 26a and 26b are arranged in the outer shell-pass 217 and the middle shell-pass 218, respectively, while non continuous helical baffles 25 are arranged in the inner shell pass 219, thus forming a multiple shell-pass shell-and-tube heat exchanger with helical baffles. At edges of the outer helical curves of each piece of complete continuous helical baffles 26a and 26b is provided with triangular anti-fouling opening for anti-fouling, that is to say, triangular areas are cut out at the edges of outer helical curves and are arranged at the bottoms of respective shell-passes, given that the heat exchanger is of a horizontal type. The first sleeve tube is designated by 210, the second sleeve tube is designated by 214, and the shell body is designated by 22. 0069 FIG. 7 is a schematic view of another embodiment of a multiple shell-pass shell-and-tube heat exchanger with helical baffles according to the present invention. It differs from FIG. 5 and FIG. 6 in that, the helical surface 26a of the helical baffles in the outer shell-pass and the helical surface 26b of the helical baffles in the middle shell-pass are shifted with respect to each, such that they are not on the same helical 14c that, holes in these multi-hole circular baffles 25g, 25h, and 25i may have various shapes. These holes allow heat exchanging tube bundles 23 to insert therethrough, and allow fluid outside of the heat exchange tube bundles to pass through. 0077 FIG. 15 is a schematic view of non-continuous baffle rods 25e and 25f forming the non-continuous baffles in the inner shell-pass 219 according to the invention. The cir cular portions between the baffle rods are the cross-section of heat exchanging tube bundles 23. Preferably, the extension directions of adjacent baffle rods 25e and 25fare arrayed in a staggered manner. As shown in the view they are arranged to be perpendicular relative to each other, which is favorable for baffling and heat exchanging. 0078 FIG.16a, FIG. 16b and FIG.16c are views of blank outer helical baffles and illustrate the manufacture method for the tube bundle holes on the baffle. In FIG.16(a) , the flatplate 6a is the blank outer helical baffle 6.The central positions 3a of the tube bundle holes to be formed are accurately posi tioned beforehand.
007.9 For rigid baffle materials such as metals, the method shown in FIG.16(b) may be employed, that is, first stack up a plurality of flat blank plates 6a of the outer helical baffles, form positioning holes 3b with smaller diameters than those of tube bundle holes 3c at each positioned center 3a, then stretch the plates 6a one by one, and stack up a plurality of plates, for example stack up on the die of drilling, the shape of which fits the helical baffles in the shell-and-tube heat exchanger, and position the tube bundle holes 3c according to the positions of positioning hole 3b and simultaneously form desired tube bundle holes 3c for a plurality of baffle plates. In this way, proper concentricity of the tube bundle holes on each helical baffles is ensured, and it also ensures to accu rately form the shapes of the tube bundle holes in the stretched-out continuous baffles, so installation becomes more convenient.
0080 For soft materials like plastic, tube bundle holes can be obtained directly in a way as shown in FIG.16(c) , where a plurality of blank plates 6a of the outer helical baffles are stacked up, and then circular tube bundle holes 3c are formed directly at individual positioned centers of tube bundle holes, then the plates 6a are stretched to form the desired outer helical baffles 6. As tube bundle holes may deform as result of stretching soft materials, the tube bundle holes that do not match diameters of heat exchanging tubes may be reconfig ured to achieve desired shapes.
1. A single shell-pass shell-and-tube heat exchanger with helical baffles, comprising: a shell body; a shell side inlet tube: a shell side outlet tube;
heat exchange tube bundles; tube plates; and helical baffles arranged on the tube bundles; wherein, said helical baffles comprise a plurality of inner helical baffles and a plurality of outer helical baffles, and the heat exchange tube bundles penetrate through the inner helical baffles and the outer helical baffles, and are con nected to the two tube plates on both ends of the shell body; within each pitch, the inner helical baffles are arranged in the central portion in the space inside the shell body, the outer helical baffles are arranged around the inner helical baffles, at the joint of the inner helical baffles and the outer helical baffle, edges of the inner helical baffles and the outer helical baffles are penetrated through by a same bundle of heat exchange tubes, the outer edge of each inner helical baffle is proximally spliced to the outer helical baffle, and said outer helical baffle is formed by splicing a plurality of helical baffles in such a transition manner that the plate surfaces of individual baffles are continuous to each other along the helical direction, so the outer helical baffle has a plurality of helical cycles and takes the form of a helical baffle with plate surfaces thereof completely continuous, while the inner helical baffles are a plurality of non-continuous baffles; and the shell side inlet tube and the shell side outlet tube on said shell body take the form that fluid is introduced into and discharged out laterally, are closely attached to the outer edge of the shell body, and lead to and from the shell side space in the tangential direction to the shell body. 2. A single shell-pass shell-and-tube heat exchanger with helical baffles according to claim 1, wherein, within each pitch, the inner helical baffle is formed by splicing a plurality of fan shaped or oval shaped flat plates with each other, while in each pitch the outer helical baffle is a one-piece continuous helical curved plate.
3. A single shell-pass shell-and-tube heat exchanger with helical baffles according to claim 1, wherein, when said heat exchanger is constructed as a shell-and-tube heat exchanger with helical baffles of a horizontal type, the outer helical edge Aug. 14, 2008 of each outer helical baffle is provided with an anti-fouling opening at the position closest to the ground. 4. A multiple shell-pass shell-and-tube heat exchanger with helical baffles, comprising a shell body, an inlet for heat exchange tube bundles and an outlet for heat exchange tube bundles arranged at ends of the shell body, heat exchange tube bundles penetrating through helical baffles and connected to two tube plates on each end of the shell body, a first inner sleeve tube coaxially arranged in the shell body, a second inner sleeve tube arranged outside the first inner sleeve tube, an end of the second inner sleeve tube connected to the tube plate, the first inner sleeve tube provided with a separating plate at the opposite end to an end at which the second inner sleeve tube is connected to the tube plate, whereby thereform an outer shell-pass between the shell body and the second inner sleeve tube, a middle shell-pass between the first inner sleeve tube and the second inner sleeve tube, as well as an inner shell-pass in the first inner sleeve tube; an outer shell pass inlet tube and an inner shell-pass outlet tube provided to the shell body, whereby there forms a shell-side flow passage outside said tube bundles, wherein baffles in shell-passes other than the inner shell-pass are formed by splicing a plu rality of helical baffles in such a transition manner that the plate surfaces of individual baffles are continuous to each other along the helical direction, so said baffles in shell passes other than the inner shell-pass form a plurality of helical cycles and take the form of helical baffles with plate surfaces thereof completely continuous, while the innershell pass is provided with a plurality of non-continuous baffles.
5. A multiple shell-pass shell-and-tube heat exchanger with helical baffles according to claim 4, wherein, the main bodies of said baffles in shell-sides other than inner shell-pass are formed by splicing a plurality of one-piece helical curved plate units together with each other, each of which constitutes a helical cycle.
6. A multiple shell-pass shell-and-tube heat exchanger with helical baffles according to claim 4, wherein, non-continuous baffles of the inner shell-pass are non-continuous helical baffles, or segmental baffles, or circular disk-doughnut baffles, or baffle rods, or multi-hole circular baffles. 7. A multiple shell-pass shell-and-tube heat exchanger with helical baffles according to claim 4, wherein, it forms a heat exchanger of dual shell-passes when there is only one inner sleeve tube in said heat exchanger, and it forms a heat exchanger of multiple shell-passes when there are a first inner sleeve tube and a second inner sleeve tube or even more inner sleeve tubes 8. A multiple shell-pass shell-and-tube heat exchanger with helical baffles according to claim 4, wherein, flow directions in said outer shell-pass inlet tube and inner shell-pass outlet tube can be swapped, thus respectively becoming outer shell pass outlet tube and inner shell-pass inlet tube accordingly.
9. A multiple shell-pass shell-and-tube heat exchanger with helical baffles according to claim 4, wherein, said non-con tinuous baffles in the inner shell-pass are helical baffles in a spliced form or helical baffles in a staggered form.
10. A multiple shell-pass shell-and-tube heat exchanger with helical baffles according to claim 4, wherein, said non continuous baffles in the inner shell-pass are non-continuous helical baffles, while said complete continuous helical baffles in the outer shell-passes and said non-continuous helical baffles in the inner shell-pass are in the form of single helix or multi-helix, with the helical direction thereof being left handed or right-handed. 11. A multiple shell-pass shell-and-tube heat exchanger with helical baffles according to claim 4, wherein, when said heat exchanger is formed as a horizontal type, the outer heli cal edges of said helical baffles in shell-passes other than the inner shell-pass are provided with anti-fouling openings at the positions closest to the ground. 12. A manufacture method for outer helical baffles of a shell-and-tube heat exchanger with helical baffles, wherein, a plurality of blank plates of outer helical baffles are stacked up, positioning holes of Smaller diameters than those of tube bundle holes are formed at individual positioned centers on the blank plates of outer helical baffles, then the plates of the Aug. 14, 2008 outer helical baffles are stretched one by one, and the bundle holes are formed according to the positioning holes so as to form outer helical baffles.
13. A manufacture method for outer helical baffles of a shell-and-tube heat exchanger with helical baffles, wherein, a plurality of blank plates of outer helical baffles are stacked up, tube bundle holes are directly formed at individual positioned centers on the blank plates of outer helical baffles, then the plates of the outer helical baffles are stretched one by one so as to form outer helical baffles.
